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ADAPTIVE CONTROL OF MOTOR
VEHICLE POWERTRAIN

FIELD OF THE INVENTION

Embodiments of the present invention relate to adaptive
control of a powertrain of a motor vehicle. In particular,
embodiments of the present invention relate to adaptive
control of a source of motive power, for example an internal
combustion engine, and 1n particular, but not exclusively, to
the response of the engine to an operator command in
consequence of a change of engine operating mode. The
change of engine operating mode may 1n turn be related to
a change of operating mode of a vehicle 1n which the engine
1s 1nstalled. Aspects of the invention relate to a system, to a
method and to a vehicle.

BACKGROUND

Internal combustion engines of vehicles may have oper-
ating modes which may be selectable by the driver. Thus 1n
some vehicles an economy mode, a normal mode and a sport
mode may be provided, each mode having a different engine
response to one or more commands of the driver. Typically
the engine may respond differently in each mode to a given
input of the accelerator pedal, being least responsive 1n
economy mode, and most responsive in sport mode. In this
way driveability of the vehicle can be improved by provid-
ing a range ol accelerator pedal movement which 1s appro-
priate to, for example, the desired output torque character-
1stic of the engine. Such a system necessarily relies upon an
clectronic mput from the vehicle dniver, for example an
accelerator potentiometer providing an input signal to an
clectronic control unit having a plurality of accelerator
positions/output torque maps.

Another kind of operating mode relates to the terrain
which a vehicle 1s intended to cross. U.S. Pat. No. 7,349,776,
the content of which i1s hereby incorporated by reference,
describes a vehicle control system in which the driver can
implement improved control over a broad range of driving
conditions, and in particular over a number of different
terrains which may be encountered when driving off-road. In
response to a driver mput command relating to the terrain,
the vehicle control system 1s selected to operate in one of a
number of diflerent driving modes including one or more
terrain response (1R) modes. For each TR mode, the various
vehicle subsystems are operated 1n a manner appropriate to
the corresponding terrain.

In one arrangement, a mode (for example a winter mode)
1s available 1n which the vehicle 1s configured to launch from
standstill 1n a forward gear other than first gear such as a
second gear to reduce risk of excessive wheel slip. Different
modes may have different accelerator pedal maps (amount
of engine torque developed for a given accelerator pedal
position), torque delivery (accelerator pedal maps 1n com-
bination with a rate at which engagement of transmission
clutches 1s controlled to take place thereby determining how
aggressively gear shifts take place), and transmission shiit
points as a function of coeflicient of surface friction. For
example, 1 one or more TR modes the transmission shiit
points may be arranged wherein gear shifts take place at
lower speeds than they might otherwise take place at, and 1n
a more gentle manner (e.g. at a slower rate).

Thus one or more accelerator/torque maps appropriate to
the terrain may be selectable by the driver. For example
when driving in rocky terrain, a high torque output may be
indicated for a small accelerator movement, thus giving
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2

immediate urge to overcome a rock step. In contrast on sand,
a low torque output may be indicated for the same accel-
erator movement, so as to avoid spinning the vehicle wheels
and digging a hole. To some extent the selected torque map
may be a matter of judgment related to the available grip on
the terrain.

The two extreme torque maps associated with any vehicle
operating mode coincide at zero accelerator position/zero
torque and maximum accelerator position/maximum torque.
In between these conditions, a change of map from one (a
‘source’ map) to another (a ‘target’ map) causes an 1mime-
diate change of engine output torque which may be discon-
certing to the vehicle driver, especially if the accelerator
pedal 1s not being moved at the time of change.

If an alternative operating mode 1s selected by the vehicle
driver, a change 1n the characteristic of engine response 1s
generally not a surprise—the change 1s 1 fact expected by
the driver and 1s generally desirable. However difliculties
may arise 1f the operating mode 1s automatically selected 1n
response to a vehicle sensing a change of operating condi-
tion. Thus, for example a vehicle may detect a change of
terrain from rock to sand and, whilst the accelerator 1s partly
applied, command the vehicle engine to adopt a different
torque map. The consequent change 1n engine response may
be disconcerting to the driver, especially if such automatic
mode changes are repeated frequently.

FIG. 1 shows a known motor vehicle 101 having a
powertrain 101P. The powertrain 101P includes an engine
121, a transmission 124, a power take-ofl unit (PTU) 137, a
rear driveshaft or propshaft 131R and a front driveshait or
propshaft 131F. The rear driveshait 131R 1s operable to drive
a pair of rear wheels 113, 114 via a rear differential 135R
whilst the front driveshait 131F 1s operable to drive a pair of
front wheels 111, 112 via a front differential 135F.

The vehicle 101 has an engine controller 121C arranged
to receive an accelerator pedal position signal from an
accelerator pedal 161 and a brakes controller 141C operable
to receive a brake pedal position signal from a brake pedal
163.

In the configuration of FIG. 1 the transmission 124 1s
releasably connectable to the rear driveshaft 131R by means
of the power transier unit (PTU) 137, allowing selectable
two wheel drive or four wheel drive operation.

The PTU 137 1s also operable in a ‘high ratio’ or a ‘low
ratio” configuration, 1n which a gear ratio between an input
shaft and an output shaift thereof 1s selected to be a high or
low ratio. The high ratio configuration 1s suitable for general
on-road or ‘on-highway’ operations whilst the low ratio
confliguration 1s more suitable for negotiating certain ofl-
road terrain conditions and other low speed applications
such as towing.

The vehicle 101 has a central controller 101C, referred to
as a vehicle control umit (VCU) 101C. The VCU 101C
receives and outputs a plurality of signals to and from
various sensors and subsystems provided on the vehicle 101.

The vehicle 101 has a transmission mode selector dial
124S operable to select a required operating mode of the
transmission 124. The selector dial 124S provides a control
signal to a transmission controller 124C which 1n turn
controls the transmission 124 to operate according to the
selected mode. Available modes include a park mode, a
reverse mode and a drive mode.

The vehicle 101 also has a terrain response mode selector
dial 128S. The terrain response mode selector dial 128S 1s
operable by a driver to select a required terrain response
mode of operation of the vehicle.
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It 1s to be understood that 11 a user selects the drive mode
of the transmission 124, the engine controller 121C employs
a drive mode throttle map to determine the amount of drive
torque that the engine 121 should produce as a function of
accelerator pedal position. I the user selects a ‘dynamic’ TR
mode, the engine controller 121C employs a sport mode
accelerator (or throttle) pedal progression map instead of the
drive mode accelerator pedal progression map. The throttle
maps differ 1in that the sport mode throttle map 1s arranged
to provide a more aggressive response by the engine 121C
to a given mitial advance (such as depression) of the
accelerator pedal 161.

Different throttle maps are also employed for different
respective user-selectable terrain response modes.

As noted above, 1n some arrangements the vehicle may be
operable automatically to select an appropriate TR mode for
the prevailing driving conditions.

FIG. 2 shows two diflerent accelerator pedal progression
maps in the form of a plot of engine torque output T as a
function of accelerator pedal position P on a scale from O to
100% of full scale depression of the accelerator pedal 161.
Two extreme vehicle operating modes A and B are 1llus-
trated. Mode A 1s a cautious torque map and may correspond
for example to a TR mode suitable for use when driving over
sand. Mode B 1s a more aggressive torque map and may
correspond to a TR mode suitable for use when driving over
rock. A driver may select operation according to mode A or
mode B my means of the TR mode selector dial 128S. At the
zero and 100% accelerator positions, the torque maps coin-
cide, but at part depression of the accelerator pedal signifi-
cant differences 1n torque output are apparent.

Thus a switch from mode A to mode B at point C (50%
of application of accelerator pedal 161) results 1n an 1mme-
diate jump to point D, with consequent increase in engine
torque output. The characteristic of line B 1s subsequently
tollowed. A corresponding switch in the reverse direction
results 1n significant drop in output torque. Changes between
torque maps generally comprise movements in the direction
of the y axis.

The change 1n output torque of the engine 121 may take
time, and can be deliberately blended, as illustrated in FIG.
3. Thus the increase from point C to point D may be
controlled to avoid a step change. For example a maximum
blending rate, say 7 Nm/s may be applied, and/or blending
may take place at a defined rate within a maximum time
period, of say 20 seconds. A small torque change will blend
relatively quickly, and a large torque change will take longer.

It will be appreciated that for a given accelerator pedal
position a change 1n torque delivered by the engine 121 will
occur as blending progresses from one torque characteristic
to another. This change may be disconcerting i the change
of operating mode 1s determined automatically by the VCU
101C rather than the driver. It would be desirable to indicate
to the driver that such a change 1s 1n progress, but visual or
audible 1ndicators are not considered desirable because the
driver may be overloaded with information, and not imme-
diately appreciate what the indicator 1s indicating. Further-
more automatic mode changes may occur frequently, and
such 1ndicators may be a distraction.

A mode change may also be disconcerting 1f occurring
automatically during deceleration of a vehicle 101 to a halt.
At the next acceleration, the vehicle 101 may respond quite
differently to driver expectation of a given movement of the
accelerator pedal 161.

What 1s required 1s an improved means and method of
allowing the vehicle driver to become accustomed to a
change of engine torque characteristic.
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It 1s against this background that the present invention has
been conceived. Aspects and embodiments of the invention
may provide a method, a system or a vehicle which address
or obviate the above problems. Other aims and advantages
of the mvention will become apparent from the following
description, claims and drawings.

SUMMARY OF THE INVENTION

According to a first aspect of the mvention for which
protection 1s sought there 1s provided a method of blending
between different characteristics of accelerator pedal posi-
tion and output torque 1n a vehicle, said method comprising
the steps of: detecting a first operating mode of the vehicle,
and applying a source characteristic; detecting a second
mode of the vehicle, and selecting a target characteristic; and
progressively blending said source characteristic to said
target characteristic over time, wherein said blending 1s
delayed if the vehicle driver cannot detect that blending 1s
taking place.

Thus 1n one embodiment, blending 1s substantially
delayed 1t the difference 1n torque between said source and
target characteristics 1s too small to be detected by the
vehicle driver. It might be expected that blending could take
place rapidly under such circumstances because 1t 1s not
noticeable, but for that reason blending 1s not desirable
because upon movement of the accelerator pedal the pro-
gression of the target characteristic may be quite different to
the source characteristic.

In particular, blending 1s substantially suspended whilst
the driver cannot detect, by moving the accelerator pedal,
that blending 1s 1n progress. Whilst the accelerator pedal 1s
not moving, for example, feedback to the driver cannot be
made, and accordingly the driver cannot, somewhat subcon-
sciously, be made aware of the changing response of a
source of propulsion such as a vehicle engine, an electric
motor or any other suitable source.

By ‘delayed’ 1s meant that blending i1s reduced to a low
background rate, or 1s suspended completely so that the
overall time for blending 1s 1increased. The background rate
may be less than half the maximum rate, for example in the
range 1-3 Nm/s. A low background rate 1s desirable to avoid
pausing the blend for long periods, for example whilst the
vehicle 1s stationary at traflic lights. Over such a long period,
a driver may more easily accept a new response of the source
of propulsion to an advance of the accelerator pedal, because
a driver’s memory ol the previous response may diminish
with time.

The accelerator pedal position may be substantially
unchanging. That 1s, movement of the accelerator pedal may
be relatively low over a given period of time. Thus minimal
changes of position, for example movement over less than
5% of full travel, or apparent changes in accelerator pedal
position solely due to electrical signal noise or driit, are
considered to indicate an unchanging position for purposes
of this description. The minimal level of movement or
permissible vanation of signal may be settable or ‘calibrate-
able’.

Embodiments of the present invention may also be char-
acterized as delaying blending if the difference between the
amount of torque developed by a source of propulsion at the
instant position of the accelerator pedal and the target torque
at that position 1s below a pre-determined threshold.

In this aspect blending 1s typically continued at a rela-
tively low rate, for example 3 Nm/s or less, 1n order to avoid
blending quickly between torque characteristics that are
close. In this way, relatively large step changes at the




US 10,208,689 B2

S

maximum blending rate can be avoided, and more time 1s
permitted to allow the vehicle driver to sense that blending
1s taking place. In some embodiments, the blending rate may
be set to substantially zero, 1.e. suspended.

The pre-determined threshold may be selected according
to the 1nstant position of the accelerator pedal.

Alternatively or 1n addition the pre-determined threshold
may be a percentage of the diflerence between the source
characteristic and the target characteristic. It 1s to be under-
stood that reference to percentage 1s directly equivalent to
reference to a proportion, in contrast with a fixed absolute
value that 1s not a proportion of another value.

The predetermined threshold may alternatively be an
absolute amount. That 1s, it 1s not a percentage, but an
absolute value such as 5 Nm, 10 Nm, 15 Nm or any other
suitable value. In some embodiments the absolute value may
be chosen 1n dependence on one or more other parameters.

In some embodiments of the present invention, blending
progresses from one torque characteristic to another mostly
whilst the accelerator pedal position 1s changing. The driver
accordingly senses a changing response of the source of
propulsion as the accelerator pedal 1s moving, and can
become accustomed to a changed characteristic during
blending.

As noted above complete cessation of blending before
blending 1s complete 1s undesirable, since over a sufliciently
long period of time a vehicle driver may not recall the
response of a vehicle to a given change of accelerator pedal
position. Thus an override may be applied, typically to
suspended blending, to ensure that blending 1s completed
within a given maximum time period. This period may be
variable, and settable or selectable according to one or more
selected from amongst an operating mode of the vehicle, the
selected transmission ratio, the difference between source
and target maps, and other relevant parameters.

In one embodiment, blending 1s not suspended, but 1s
reduced to a background rate to ensure that blending 1s
completed within a time period which may for example be
in the range 5 to 10 minutes. In alternative embodiments the
time period may exceed 10 minutes, and may optionally be
in the range 15-20 minutes.

Further alternatively blending may be suspended for a
given time period, and then continued at a background rate
to the intent that 1t 1s completed within such a period retferred
to above. For example blending may be suspended for 1-10
minutes.

Blending may occur at an unchanging background rate, or
at a variable rate dependent for example upon the torque
difference or the relative completion of the blend.

The required method of blending, background rate, blend-
ing time and other related parameters may be stored 1n a
suitable look-up table by reference to at least the source and
target torque maps and accelerator pedal position, or may be
the subject of an algorithm held 1n a controller, such as a
powertrain control umt, an engine control unit (ECU), an
clectric motor control unit or any other suitable control unait.

The characteristic relating accelerator pedal position to
output torque may directly indicate the torque output at the
flywheel of an internal combustion engine in the case of a
vehicle having only an engine as a source of propulsion or
a mode 1 which only an engine provides a source of
propulsion, or may represent an analogue thereotf, such as
one or more of drive torque at the vehicle wheels, power
output, another measure of tractive effort, fuel flow, air tlow,
clectric current flow or any measurable indicator that varies
according to accelerator pedal progression and torque out-
put. The output torque may represent the output of other
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forms of motive power, such as an electric motor, or an
analogue thereof, such as motor current.

Many suitable analogues are known, so that whilst torque
1s a convenient direct measure, embodiments of the present
invention do not exclude the use of one or more analogues
to define the changing pedal progression characteristic.

According to another aspect of the invention for which
protection 1s sought there 1s provided an electronic control
system of a vehicle for blending between different charac-
teristics ol accelerator pedal position and output torque by
reference to a plurality of torque maps held within a
memory, said system being adapted to detect a first operating
mode of the vehicle and apply a source map, detect a second
operating mode of the vehicle and select a target map, and
blend from said source map to said target map over time, the
system being further adapted to delay blending 1f the dif-
ference between said maps 1s below a predetermined thresh-
old.

Aspects of the invention also provide a vehicle icorpo-
rating this electronic control system, and a system of chang-
ing an operating mode thereol.

Within the scope of this application it 1s expressly
intended that the various aspects, embodiments, examples
and alternatives set out 1n the preceding paragraphs, in the
claims and/or 1n the following description and drawings, and
in particular the individual features thereof, may be taken
independently or 1n any combination. For example, features
described 1n connection with one embodiment are applicable
to all embodiments unless such features are incompatible.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be
described, by way of example only, with reference to the
accompanying drawings 1n which:

FIG. 1 1s a schematic illustration of a known motor
vehicle;

FIGS. 2 and 3 illustrate graphically the blending of engine
torque between diflerent vehicle modes;

FIG. 4 1s a schematic 1illustration of a motor vehicle
according to an embodiment of the present invention;

FIG. § indicates torque progression during a blend from
one operating mode to another;

FIG. 6 shows zones of delayed blending where a torque
difference 1s below a threshold; and

FIG. 7 shows suspension of blending with reference to the
characteristics of FIG. 6.

DETAILED DESCRIPTION

With reference to the drawings, FIG. 4 1s a schematic
illustration of a motor vehicle 201 according to an embodi-
ment of the present invention. Like features of the vehicle
201 of FIG. 4 to those of the vehicle 101 of FIG. 1 are shown
with like reference numerals prefixed numeral 2 1nstead of
numeral 1. Thus engine 121 of the vehicle 101 of FIG. 1
corresponds to engine 221 of the vehicle 221 of FIG. 4.

The vehicle 201 has a VCU 201C programmed with
accelerator pedal progression maps that are used to deter-
mine engine torque T as a function of accelerator pedal
position P. In the embodiment of FIG. 4 the modes include
modes A and B having accelerator pedal progression maps
with characteristics A and B, respectively, as described
above and illustrated in FIG. 2.

FIG. 5 1llustrates blending of cautious characteristic A of
accelerator position P and engine torque T to aggressive
characteristic B. As noted above, characteristics A and B
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represent different vehicle operating modes. The blend pro-
gresses generally in the direction of arrow E at a constant
rate of 7 Nm/s although other values are also useful. Any
advance of accelerator position toward maximum (100%) or
release toward minimum (0%) will provide engine torque at
the intermediate torque characteristic that has been reached.
Three mtermediate torque characteristics defined in the
blending process are labeled i FIG. 5, being characteristic
C1 (assumed at time t1 after blending has commenced),
characteristic C2 (assumed at time t2 after blending has
commenced) and characteristic C3 (assumed at time t3 after
blending has commenced).

Thus for example an advance of accelerator pedal position
from 30% to 50% at time t3 after blending has commenced
results 1n a change 1n torque characteristic from point C to
point D, along the intermediate line C3 of FIG. S.

Other kinds of blending may be applied, for example
where blending from one torque value to another along the
vertical axis of FIG. 2 1s conducted at a steady rate so that
the shape of the mitial characteristic 1s maintained until the
new characteristic 1s reached. Thus, in blending from char-
acteristic A to characteristic B of FIG. 2, the intermediate
characteristics might follow the form of characteristic A over
a range of pedal positions above and below which the new
characteristic (B) 1s followed. It 1s to be understood that at
the transition point between characteristics a discontinuity in
engine torque T as a function of pedal position P may be
experienced. Thus, 1n the embodiment of FIG. 4 a given
change of accelerator pedal position P before blending 1s
complete may result in a change of torque characteristic
from that of mode A to that of mode B or from that of mode
B to that of mode A between the start and end positions of
the accelerator pedal 261. In other words, over part of the
range of movement of the accelerator pedal 161 the VCU
201C may follow characteristic A and over another part of
the range of movement the VCU 201C may follow charac-
teristic B. In contrast, 1n the embodiment of FIG. 4 having
intermediate characteristics C of the form 1llustrated 1n FIG.
5, a relatively smooth transition from one characteristic to
another 1s effected. Other arrangements are also useful.

Some embodiments of the present invention are not
limited to a particular form of blending process from one
torque characteristic to another save that 1t should provide a
progressive change from one torque characteristic to
another. Each such characteristic may represent a vehicle
operating mode as discussed above. In some embodiments
the torque characteristics represent only different respective
operating modes.

According to one embodiment of the invention the blend
1s delayed 1n the event that a blend 1s commanded automati-
cally by the VCU 201C and the accelerator pedal position P
1s substantially unchanging. Thus, 1n some embodiments
blending 1s delayed until the accelerator pedal 261 1s moved
by the driver. The manner in which the delay 1s implemented
under these conditions will be described in more detail
below.

It can be seen from FIG. 2 that at accelerator pedal
positions ol 0% and 100% of travel, all torque characteristics
comncide. Between these end positions of the torque char-
acteristics, the torque characteristics diverge between
extremes represented in this example by lines A and B.

If the blend 1s delayed, the instant characteristic 1s applied
to throttle pedal position P, so that for example a paused
blend may correspond to characteristic C2 of FIG. 5. In the
event the blend has not yet commenced but a delay has been
imposed due to lack of movement of the accelerator pedal
261 since a mode change took place, the instant character-
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1stic may correspond to that of the mode 1n which the vehicle
has been operating (the source mode) prior to the command
to assume a new mode (the target mode). The instant
characteristic applies (i1.e. 1s maintained) until a change 1n
the accelerator pedal position P subsequently exceeds a
threshold value, 1n which case the blend proceeds in the
required direction, for example from characteristic A to
characteristic B.

The blend may pause several times before a transition
between modes 1s completed, assuming that no further
change of vehicle mode 1s sensed or commanded.

As well as delaying blending due to lack of change of P
as a Tunction of time, the VCU 201C may delay the blend 1f
accelerator pedal position P approaches the zero or 100%
end position. For example delaying (pausing) of blending
may be implemented when the accelerator pedal position P
1s at less than 10% and more than 90% of pedal travel.
Pausing may also be implemented if the diflerence between
the target and source accelerator pedal position characteris-
tics 1s relatively small, for example less than 5% at any
intermediate position of the accelerator pedal 161.

FIG. 6 illustrates pausing of the blend 1t the torque
difference between the 1nstant torque F and target torque G
1s small. Accelerator pedal position (P) 1s plotted against
output torque (1). In this case the two pedal progression
maps (F, G) are quite similar, and cross over at around the
mid-position of the accelerator pedal 161. It 1s to be under-
stood that, 1n the embodiment shown, at less than 5%
advance of the accelerator pedal 161, between 45 and 55%
advance, and above 93% advance, blending 1s delayed. In
this example the mstant and target torque separation 1s about
3% 1n the delay range, but the limit may be selected
according to any desired result so that blending 1s delayed 1f
the change of map demanded automatically by the VCU
201C has too small a torque diflerence to be noticed by the
vehicle driver.

Thus 1n practice slight changes of accelerator pedal posi-
tion P, where the change 1n the position of the accelerator
pedal 161 causes the delay region of the map to be entered,
will substantially pause blending substantially at the char-
acteristic that the blend has reached, until such time that the
accelerator pedal position P sufliciently departs from the
region associated with the pause. For example, with refer-
ence to FIG. 5, blending may substantially pause at C2 until
the accelerator pedal 161 1s moved sufliciently at which time
blending will continue to C3 and eventually reach charac-
teristic B. Blending may also be paused in the reverse
direction of torque change, for example from operating
mode B to operating mode A.

FIG. 7 corresponds to FIG. 6, and shows blending accord-
ing to the torque maps F, G. Blending (B) 1s represented by
a minimum or suspended rate (state 0) and a maximum rate
(state 1).

It can be seen from FIG. 7 that blending (B) 1s suspended
at 0-5% accelerator pedal position because 1n this instance
the torque difference between maps F, G 1s below a threshold
of 5%. If the amount of accelerator pedal depression P 1s
then increased, the blending rate B ramps up to the maxi-
mum rate as a function of accelerator pedal position P, by
reference to a look-up table. In some alternative embodi-
ments, 1n addition or instead the blending rate B may ramp
up to the maximum rate as a function of time once the pedal
position P 1s not within a range i which blending 1s
suspended. Blending may continue at the maximum rate
until suspension 1s again indicated at accelerator pedal
positions P between 45 and 55% of tull deflection. The same
procedure occurs above 55%, as 1llustrated.
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As the accelerator pedal 261 approaches a region of
deflection 1 which suspension 1s indicated, the rate of
blending may reduce as a function of pedal position P again
by reference to a look-up table. In some embodiments, 1n
addition or instead the rate of blending may reduce as a
function of time as the accelerator pedal 261 approaches or
enters a region 1 which suspension 1s indicated. The rate at
which blending 1s 1ntroduced and withdrawn may be vari-
able 1n some embodiments. This 1s indicated by the slopes of
the blending rate characteristic between state 0 and state 1
shown 1n FIG. 7. The blending rate as a function of accel-
erator pedal position P when blending 1s being introduced or
withdrawn 1s determined according to the instant difference
between the respective torque maps in the embodiment
illustrated 1n FIG. 7 although other arrangements are also
useful. In the embodiment of FIG. 7 this rate 1s, for sim-
plicity, 1llustrated as a straight line (constant rate of increase
or decrease). Thus the rate of introduction and withdrawal
may be proportional to the diflerence between the source and
target maps. However, the rate of imntroduction or withdrawal
of blending as a function of pedal position P can follow any
other suitable desirable shape and provide, for example, an
exponential rate of increase or decrease. Other arrangements
are also usetul.

Embodiments of the present invention have the advantage
that a driver will not be surprised by a change 1n accelerator
pedal position/engine torque output characteristic of a
vehicle 201 following a mode change implemented auto-
matically by the VCU 201C (as opposed to a change
implemented 1n response to a user command to change
mode). This 1s because, according to some embodiments of
the invention, under conditions 1n which a driver does not
change the accelerator pedal position P and/or in which the
difference in output torque between the source and target
modes 1s less than a prescribed value, the blending rate 1s
reduced (and 1n some embodiments blending 1s substantially
suspended or stopped). Blending may be substantially
stopped, or the rate of blending reduced to a sufliciently low
value, until one or more prescribed conditions are met. The
rate of blending when blending 1s reduced may be deter-
mined as a value that 1s sutliciently low that a driver will not
be surprised by a change of accelerator pedal progression
characteristic (due to the continuation of blending) when the
driver next moves the accelerator pedal. An accelerator
pedal may remain 1 a condition of substantially zero
advancement with a drniver’s foot removed from the pedal

for a not insignificant period of time under certain circums-
stances, for example when a vehicle 1s stopped at traflic

lights, or a driver has paused to view scenery or wildlife.
Accordingly, a driver’s mental memory of the accelerator
pedal progression map will fade with time, and the driver
will not be surprised by a change 1n pedal progression map
when the driver subsequently depresses the accelerator
pedal.

Throughout the description and claims of this specifica-
tion, the words “comprise” and “contain” and variations of
the words, for example “comprising” and “‘comprises”,
means “including but not limited to™, and 1s not intended to
(and does not) exclude other moieties, additives, compo-
nents, mtegers or steps.

Throughout the description and claims of this specifica-
tion, the singular encompasses the plural unless the context
otherwise requires. In particular, where the indefinite article
1s used, the specification 1s to be understood as contemplat-
ing plurality as well as singularity, unless the context

requires otherwise.
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Features, integers, characteristics, compounds, chemical
moieties or groups described 1n conjunction with a particular
aspect, embodiment or example of the imvention are to be
understood to be applicable to any other aspect, embodiment
or example described herein unless incompatible therewith.

The mvention claimed 1s:

1. A method of blending between diflerent characteristics
ol accelerator pedal position and output torque in a vehicle,
the method comprising:

detecting a first operating mode of the vehicle, and

applying a source torque value associated with the first
operating mode and an 1nstant position of the accelera-
tor pedal;

changing to a second operating mode of the vehicle, and

selecting a target torque value associated with the
second operating mode and the instant position of the
accelerator pedal;

progressively blending, by an electronic control system of

the vehicle, the first operating mode source torque
value to the second operating mode target torque value
over time;
controlling a source of propulsion of the vehicle to
produce the selected or blended torque value; and

wherein the blending 1s delayed 11 the difference between
the source torque value and the target torque value at
the 1nstant position of the accelerator pedal 1s below a
pre-determined threshold.

2. The method according to claim 1, wherein the blending,
1s delayed by gradual commencement or gradual termination
thereof.

3. The method according to claim 1, wherein blending 1s
delayed by suspension thereof.

4. The method according to claim 1, comprising complet-
ing blending from the source torque value to the target
torque value within a predetermined period.

5. The method according to claim 1, comprising detecting,
a change to the second operating mode.

6. The method according to claim 1, wherein the first
operating mode source torque value 1s stored 1n a source
torque map associated with the first operating mode, and the
second operating mode target torque value 1s stored 1n a
target torque map associated with the second operating
mode.

7. A method of blending between diflerent characteristics
ol accelerator pedal position and output torque in a vehicle,
the method comprising:

detecting a first operating mode of the vehicle, and

applying a source torque value associated with the first
operating mode and an 1nstant position of the accelera-
tor pedal;

changing to a second mode of the vehicle and selecting a

target torque value associated with the second operat-
ing mode and the instant position of the accelerator
pedal;

progressively blending, by an electronic control system of

the vehicle, the first operating mode source torque
value to the second operating mode target torque value
over time;

controlling a source of propulsion of the vehicle to

produce the selected or blended torque value; and
wherein the blending i1s delayed 1t the position of the
accelerator pedal 1s substantially unchanging.

8. The method according to claim 7, comprising complet-
ing blending from the source torque value to the target
torque value within a predetermined period.

9. The method according to claim 7, comprising detecting,
a change to the second operating mode.




US 10,208,689 B2

11

10. An electronic control system of a vehicle for blending
between diflerent characteristics of accelerator pedal posi-
tion and output torque by reference to a plurality of torque
values held within a memory, the system being configured
to:
detect a first operating mode of the vehicle and apply a
source torque value associated with the first operating
mode and an instant position of the accelerator pedal;

detect a change 1n the operating mode of the vehicle from
the first operating mode to a second operating mode
and select a target torque value associated with the
second operating mode and the 1nstant position of the
accelerator pedal; and
blend from the first operating mode source torque value to
the second operating mode target torque value over
time, the system being further configured to delay
blending 11 a difference between the first and second
torque values 1s below a predetermined threshold; and

control a source of propulsion of the vehicle to produce
the selected or blended torque value.

11. The system according to claim 10, further configured
to delay blending by gradual commencement or gradual
termination thereof.

12. The system according to claim 10, further configured
to delay blending by suspension thereof.

13. The system according to claim 10, further configured
to complete blending within a predetermined period.

14. The system according to claim 10, wherein the first
operating mode source torque value comprises a source
torque map associated with the first operating mode, and the
second operating mode target torque value comprises a
target torque map associated with the second operating
mode.
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15. A vehicle comprising the electronic control system
according to claim 10, and a system for automatically
changing the operating mode of the vehicle according to
different conditions of use, whereby one of the plurality of
torque values 1s selected for each operating mode.
16. An electronic control system of a vehicle for blending
between different characteristics of accelerator pedal posi-
tion and output torque by reference to a plurality of torque
values within a memory, the system being configured to:
detect a first operating mode of the vehicle and apply a
source torque value associated with the first operating,
mode and an instant position of the accelerator pedal;

detect a change 1n the operating mode of the vehicle from
the first operating mode to a second operating mode of
the vehicle and select a target torque values associated
with the second operating mode and the instant position
of the accelerator pedal;

blend from the first operating mode source torque value to

the second operating mode target torque value over
time, the system being further adapted to delay blend-
ing 1f the position of the accelerator pedal 1s substan-
tially unchanging; and

control a source of propulsion of the vehicle to produce

the selected or blended torque value.

17. The system according to claim 16, further configured
to complete blending within a predetermined period.

18. A vehicle comprising the electronic control system
according to claim 16, and a system for automatically
changing the operating mode of the vehicle according to
different conditions of use, whereby one of the plurality of
torque values 1s selected for each operating mode.
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